INTRODUCTION
The human tongue is a muscular organ that plays an important role in several functions of the oral sensorimotor system. This organ is composed of intrinsic and extrinsic muscles, arranged in such a way as to allow necessary multiple configurations for performing the functions of mastication, swallowing, suction and speech articulation (1) . The intrinsic muscles (superior longitudinal, inferior longitudinal, verticalis and transversus) are proper to the tongue and responsible for changes of its shape. The extrinsic muscles (genioglossus, styloglossus, palatoglossus and hyoglossus) are those originated from adjacent structures and are included in the tongue, which allows it to move in all directions. It is due to its extensive innervation and to the complex organization of muscle fibers that the tongue takes many forms and positions in short periods of time (1) .
The maximum force of the tongue in normal individuals has been documented by several studies (2) (3) (4) (5) . In some studies this force is measured by means of the movement of protrusion against resistance (2, (6) (7) (8) (9) (10) . Such movement involves the contraction of the genioglossus and the intrinsic muscles of the tongue, the first being more important for the anteroposterior positioning and the last ones for the generation of protrusive force (11) . Tongue force is related, in most studies, to the age and gender of individuals. Studies have found that the tongue force decreases with the increase in age from 60 years on (12) (13) (14) .
Regarding the gender, the relationship is still controversial. Some studies found greater force in men (2, 6, 13, (15) (16) (17) . However, in other studies such difference was not observed (12, 14, (18) (19) (20) (21) (22) . The influence of weight, height and body mass index (BMI) on tongue strength has been little studied. Most research on the height and weight as determinants of muscle strength study the muscles of other parts of the body and not specifically the tongue ones (23) . Some studies have considered these aspects to basically perform the match between the surveyed groups, assuming therefore to be the responsible parameters for differences between groups (24, 25) . Others have investigated the existence of correlation between body mass index and tongue force and reached different results (20, 24, 26) . In some studies, it was found a correlation between the maximum tongue force and body mass index (20, 24) , while others have found no correlation between these variables (26) . Given the scarcity of studies on the influence of some variables on the lingual force, this research aimed to analyze the interference of weight, height and body mass index in the axial tongue force.
METHODS
The study, approved by the Ethics in Research Committee of Universidade Federal de Minas Gerais (UFMG) under number 249/08, was held at the Faculty of Medicine at the same institution. This is a cross-sectional and observational research, performed through analysis of medical records of 44 students and staff of the institution, aged between 20 and 37 years, 33 (75%) women and 11 (25%) men.
The study included medical records that contained age, weight, height, result of clinical evaluation of tongue strength (lingual tonus), result of the instrumental assessment of the axial tongue force and signing of the consent form authorizing the use of the information in the research. The assessment of weight and height was accomplished with participants barefoot. For the weighing it was used a Camry® brand scale and, for the measuring of height, a measuring tape attached to the wall. From these data it was calculated the body mass index of each individual by dividing weight by the square of height. Individuals were classified as underweight (less than 18.5), healthy (from 18.5 to 24.9), overweight (from 25 to 29.9) and obese (above 30) (27) . In the clinical evaluation it was obtained the tongue tonus, which was classified as adequate or decreased. The evaluation was performed by observing the ability of the tongue to achieve and sustain tapering, of the movement and sound produced during a snap and the protrusion test of the structure with counter resistance, i.e., the participant was asked to push the tongue against the examiner's gloved finger and against a wooden spatula. It was considered appropriate tonus when the patient kept with no difficulty the tapering of the tongue, produced a loud snap and symmetrical movement of the tongue, as well as when the muscle was able to perform the protrusion with force against a steady resistance, performed by the spatula and by the finger, keeping this force without trembling and without deformation. The tonus was considered reduced when the participant had difficulty to perform the tapering of the tongue, or produced low snap or asymmetrical movement of the tongue in the task, or when there was the presence of tremors and/or deformation during counter resistance even though the muscle was able to perform protrusion.
In the instrumental assessment of the axial tongue force, data on the mean force and maximum force of this organ were obtained. The evaluation was performed using FORLING, an instrument developed by the Group of Biomechanics Engineering, Universidade Federal de Minas Gerais (7) (8) (9) (10) 28) . The evaluation was performed with the person seated with supported back and feet, and hands resting on the base of the equipment. After proper fitting of the mouthpiece in the dental arches, an accommodation period of about 20 seconds was awaited. After this time, the individual was asked to push the drive shaft of the piston with the tongue after the beep, with the greatest capable force, and to keep it until hearing another acoustic signal, scheduled to be activated 10 seconds later. This procedure was performed three more times, with one minute intervals between measurements and verbal positive reinforcement in each measurement. The first measurement (training) was disregarded.
The mean force and maximum force of the tongue of each evaluated participant were analyzed. The mean force refers to the mean of all the forces employed by that individual during the three measurements and the maximum force refers to the mean of the highest values obtained in each measurement. The highest maximum force achieved by the participant was also considered.
Body mass index, height, weight and clinical evaluation of the tongue tonus were correlated with mean force, maximum force and the highest maximum force. Lingual force variables were also correlated among each other. For data analysis it was used measures of central tendency and dispersion, as well as ANOVA test and Pearson correlation coefficient, with a significance level of 5%.
In the literature, some studies have found a relationship between increasing of age and decreasing of tongue force (2, (14) (15) (16) 18) . However, the strength reduction only occurs after age 60 (12) (13) (14) justifying the non stratification of the sample by age.
RESULTS
Results of quantitative variables of the study were obtained (Table 1) . It is possible to observe that the lowest coefficient of variation was found in the variable height and the highest ones on measures of tongue force. However, in the measurement of weight, high value of coefficient of variation could also be verified.
The force data found in accordance with the classification of body mass index and tongue tonus were also obtained ( Table 2 ). The force values did not show differences between individuals with normal and reduced tongue tonus. There was also no difference in the force values between the different BMI categories.
It was observed the correlation between quantitative variables of the study (Table 3) . BMI and weight showed positive correlation with the mean force and the body height did not show correlation with the axial tongue force. All variables of force correlated with each other.
DISCUSSION
The search for studies that scientifically prove what factors can affect tongue strength has been growing in recent years. The knowledge of these factors is of great importance, because changes in the tongue force can cause problems in the performance of the various functions in which this structure is involved.
The instrumental evaluation of tongue force, although uncommon in speech therapy clinical practice, has been gaining ground every day as a means of supplementing the orofacial myofunctional evaluation, since it is sensitive for detecting small increments of the force resulting from the rehabilitation process (which increases the patient adherence to treatment), as well as to detect decreases in strength due to degenerative diseases. However there are only few studies that show values of lingual force for the Brazilian population, and the variables BMI, weight and height are not always considered. Regarding the tonus of the tongue, which was classified as normal or reduced through clinical evaluation, it was possible to observe that the mean values of the groups showed no differences for all variables of force. The concordance between the findings of the clinical and instrumental evaluations of tongue force has been demonstrated in studies that used FORLING for both mean and maximum forces (21, 28) , suggesting that the method used in the research would be effective in the clinical application and could be used to complement the diagnosis of alterations of tongue force. However, one study (21) investigated extreme groups: individuals with normal tongue tonus and individuals with serious reduction of tongue tonus. But in another one (28) it was not performed statistical analysis to check this aspect. Further research with larger samples and independent evaluators are needed to verify how the instrumental assessment of tongue strength is able to classify individuals according to the presence of alteration of lingual tonus.
No difference was observed between the force values of individuals with different BMI classifications. However, when analyzing the correlation among the quantitative variables of the study, it was found that BMI showed positive correlation with the variable mean force. Positive correlation was also found between weight and mean force.
In some studies it was observed the correlation between the highest maximum force and maximum pressure of the tongue, respectively, and body mass index (20, 24) . The mean force was not considered in these studies. In one study, the authors measured the maximum pressure held by the tongue of 26 adults between 20 and 49 years (five men and 21 women) and six children, aged 6 to 12 years (four males and two females), and related the values of the highest maximum pressure with the weight of the individuals. The authors found a positive correlation, although weak, between maximum pressure of the tongue and body weight, and the maximum pressure exerted by a child of 25 Kgf did not differ radically from that exerted by an adult of 80 Kgf. Unlike, the hand strength showed a strong positive correlation two times higher than tongue strength (29) .
The variable height did not show correlation with the axial tongue force. A study achieved with children found that those with higher age, height and weight (alone or in combination) showed higher strength in six muscle groups of the lower limbs, and the height was the strongest predictor of the strength compared to the age or weight (23) . However there is no research on the influence of body height in the tongue force.
It was verified strong correlation between the variables related to the mean force, maximum force and the highest maximum force. This means, for example, that the individuals who showed high values of maximum force also had higher values of mean force and high peak of maximum force. It was possible to think that individuals who produced a high maximum force in one of the tests would not be able to maintain a proper muscle contraction during the 10 seconds of the test due to muscle fatigue. However, this was not observed. The strong correlation between these variables also indicates that it is not necessary the achievement of the three during the evaluation. The quantification of one of them is already sufficient to characterize the axial force of the tongue.
Some limitations could be verified during the development of this work, in particular the reduced sample size and its non--homogeneous distribution in the different groups for analysis by BMI and tongue tonus. It is noteworthy that the distribution of the population of this study in the different BMI categories is compatible with the one of Brazilian population (30) .
CONCLUSION
Although BMI and weight correlated positively with the mean axial tongue force, there was no association between BMI classification and the axial tongue forces. 
